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gram and the upper-atmosphere CEDAR program. Both GEM and CEDAR
have significant theoretical and modeling components but are "managed" pro-
grams, in the big science mold.

Numerical simulation of space plasma phenomena using computers has be-
come an important theoretical method over the past two decades. Examples
include particle-in-cell simulations, hybrid simulations, and three-dimensional
magnetohydrodynamic modeling. Numerical models have increased in size and
complexity over time, taking advantage of technological developments in com-
puters, such as the CRAY-YMP and other supercomputers. Large computation-
al facilities have been created, such as the four NSF supercomputer centers, the
National Center for Atmospheric Research's Scientific Computing Division, and
government laboratories such as NASA's Ames and Goddard centers and the
Los Alamos and Livermore national laboratories. The largest space (and non-
space) plasma simulations have been run at the national laboratories, where large
blocks of computer time are available. In this sense, too, also theory has become
"big" science.

Some relatively large groups have grown to support the development and
running of these plasma simulations and models, but overall these groups are
still smaller than the large experimental teams that are put together to design,
build, and use space-based instruments. In fact, even large modeling efforts
such as 3-D magnetohydrodynamic simulations are frequently undertaken by
only one or two senior scientists. A recent trend running counter to the depen-
dence on supercomputers is the increasing use of powerful workstations that
permit all but the largest simulations to be run locally.

Theory is an important part of space physics, and numerical plasma simula-
tions have played an increasingly important role in this field. The emphasis on
simulation has resulted in some increase in the scale of operations for theory
over the past couple of decades, but theoretical space plasma physics seems to
have found a balance between big and little science.

The chief difficulty for theory and modeling lies in the small grant sizes
($54,000 on average), which are not keeping up with the rate of inflation, as well
as the decreasing probability of a proposal getting funded and rising overhead
costs. As discussed more generally in Chapter 5, these factors lower the effec-
tiveness of the Space Physics Theory and Modeling program.

DATA ANALYSIS

The reason for flying scientific space missions is to obtain and analyze new
data. NASA currently funds mission operations and data analysis (MO&DA)
efforts separately from spacecraft development, in part to protect the postlaunch
funds from being used to solve development problems or overruns. This effort
at protection has not always been successful, however.